Introduction
lower genetic diversity than the other HM populations, although HM2 shows the highest MPD 23 values. Generally, the Hmong (HM1-HM5) groups show lower haplotype and haplogroup 24 diversity than the In Mien (Y1-Y2) ( Fig. 2A and 2B ). Of the eight ST speaking populations, the 25 newly-studied Karen group (KSK3) exhibits lower genetic diversities while the Lisu (LS) and 26 KSK1 have higher genetic diversities than the other ST speaking populations ( Fig. 2A-2D ). were observed more frequently in the TK than in the AA and HM groups (P < 0.05: 11/34 for TK, populations from Vietnam (Macholt et al., 2109) were included in the analysis, genetic variation 23 among populations of the ST and HM groups increased substantially, suggesting some 24 differentiation between Vietnamese and Thai populations belonging to these two groups. However, 25 a direct comparison of Thai ST vs. Vietnamese ST, and Thai HM vs. Vietnamese HM groups, 26 showed no significant differences between groups. The variation among populations within groups 27 of the IuMien and Lahu were much lower than for the Hmong, indicating genetic heterogeneity of 28 the Hmong and ST populations and more homogeneity for the IuMien and Lahu. The MSY genetic variation showed significant differences among the four language families (HM, ST, AA and TK), 1 but the variation among groups was lower than the variation among populations within each group, 2 indicating that language families do not correspond to genetic structure. All pairwise comparisons 3 of the four language families showed significant differences among groups, but these were on the 4 same order as the differences among populations within the same group. However, when the HM 5 were separated into Hmong and IuMien, the pairwise comparisons of Hmong with other language 6 families remained significant, while for the IuMien there were no significant differences with other 7 language families, suggesting some differences between Hmong and Mien groups. The lowest 8 variation was between the TK and AA groups, indicating a relatively close genetic relationship 9 between these two. 10 mtDNA 11 The total mtDNA variation among populations of 8.46% was lower than for the 12 MSY ( Table 1 ). The mtDNA variation for the AA, ST and TK groups was about the same as for 13 the MSY, but was substantially less for the HM. The Htin have by far the largest variation among 14 populations, while the Hmong show non-significant mtDNA variation among populations 15 (0.53%), reflecting genetic homogeneity in their maternal side. The mtDNA genetic variation 16 among the four language families (HM, ST, AA and TK) was much smaller (1.09%) than the 17 variation among populations assigned to each group (7.7%), indicating that as with the MSY, 18 language families do not correspond to the genetic structure of these populations. The variation 19 between pairs of linguistic groups shows in all comparisons that the variation between groups is 20 lower than the variation among populations within groups. As with the MSY, the lowest variation 21 (which is not significantly different from zero) is between the TK and AA groups, further 22 supporting a close relationship between these two groups in Thailand.
23
The pooled mtDNA data of Lahu from Vietnam and Thailand revealed much larger 24 variation for mtDNA (13.47%) than for the MSY (4.88%), in contrast to the larger MSY than 25 mtDNA variation observed when pooling data from other groups from Thailand and Vietnam. In 26 particular, the mtDNA variation among Hmong groups from Thailand and Vietnam was only 27 1.08%, which is not significantly different from zero. When the Hmong and IuMien were 28 separately compared with other linguistic groups, significant differences were observed for the 29 Hmong but not for IuMien, similar to the MSY results and further supporting the difference 30 between Hmong and Mien groups. indication of recent shared ancestry or contact. There were shared MSY haplotypes within the HM 6 groups, and some sharing between them and a few TK-speaking groups, except for HM5 and Y1, 7 who did not share any haplotypes with any other populations (Fig. 3A) . The Lisu shared haplotypes 
21
To further visualize the relationships based on the Φst distance matrix, we carried 22 out an MDS analysis. The MDS plot for three dimensions indicates genetic distinction of the 23 Maniq (MN), the hunter-gatherer group from southern Thailand, the Hmong groups (HM1-HM5) 24 and the Karen (KSK3) ( Fig. S4 ), as further indicated in the MDS heat plot ( Fig. S5 ). Based on the 25 MDS results for both the MSY and mtDNA, we removed five highly-diverged populations (MA, 26 MN, TN1, TN2 and SK); a three-dimension MDS for the remaining 68 populations has an 27 acceptable stress value ( Fig. 4A-4C ). There was overall some clustering of populations according 28 to language family, albeit with some overlapping between them. The Hmong populations are quite 29 distinct from all other groups, whereas the IuMien populations are more similar to other groups than to the Hmong groups. The TK overlap with AA groups, but the AA are more spread out, 1 indicating more genetic divergence of AA groups. KSK3 and, to a lesser extent, KSK2 and both 2 Lahu populations are distinct from the other ST groups. constructed for each ethnicity. For the MSY, different trends were observed for different groups 5 (Fig. 6 ). The Ne of the Hmong gradually increased since ~30 kya and then declined ~2-3 kya, while 6 for the Lahu the Ne remained stable for a long period of time and then was sharply reduced around 7 ~1 kya. The Karen, Shan and Phutai showed a similar trend: the Ne gradually increased, and then 8 decreased ~5 kya, with sharp increases ~2-3 kya, followed by another decrease ~1 kya. The Ne for 9 the IuMien slightly increased, and then decreased ~2-3 kya. groups, and more mtDNA sharing among patrilocal groups than among matrilocal groups. 1 However, the results for haplotype sharing between populations within matrilocal and patrilocal 2 groups do not show a strong effect (Table S7 ). Haplotype sharing for the MSY is slightly lower 3 on average for patrilocal groups (0.15) than for matrilocal groups (0.18), in accordance with 4 expectations, but haplotype sharing for mtDNA is also lower on average for patrilocal groups 5 (0.15) than for matrilocal groups (0.22), which is not in accordance with expectations based on 6 residence pattern. Our previous studies have focused on the genetic ancestry of the TK and AA groups in 10 Thailand and Laos, here we investigate the less well-studied HM and ST speaking groups from 11 Thailand, to gain more insights into the genetic history of MSEA. We sequenced ∼2.3 mB of the (Schliesinger, 2000; 2001) .
23

Genetic differences between the Hmong and IuMien groups and their origins 24
The Hmong-Mien (HM) language family is one of the major language families in MSEA, Thailand; strikingly, we find significant differences between Hmong and Mien populations in 10 Thailand, with the IuMien more similar to other populations, while the Hmong show genetic 11 distinction that was not previously documented in Thai/Lao populations.
12
The genetic distances between the Hmong and one IuMien (Y2) are significantly different 13 from zero for both mtDNA and the MSY, but the other IuMien population (Y1) are not 14 significantly different from the Hmong. However, both IuMien populations also do not differ 15 significantly from many other populations, suggesting contact with both HM and non-HM 16 populations (Fig. 3B, Fig. 4 ). The two IuMien groups, but none of the Hmong groups, show 17 significant negative Tajima's D values for mtDNA ( Fig. 2D) ; these may reflect population 18 expansions due to contact. The haplogroup profiles and CA analyses also support a closer 19 relationship between IuMien and non-HM speaking populations ( Fig. S6 and S7 ; Table S5 ). The
20
AMOVA results further indicate that the Hmong are closest to the ST in the paternal side, but 21 closer to the AA and TK in the maternal side, whereas the IuMien are close to all other groups 22 (Table 1) .
23
Apart from the genetic distinction from their linguistic relatives, the IuMien, the Hmong in 24 Thailand are genetically distinct from almost all other groups (Fig. 3 ). There are no shared mtDNA 25 haplotypes between HM populations and other Thai/Lao populations, and only a few shared MSY 26 haplotypes (Fig. 3A) , Moreover, they do not overlap with other groups in the MDS analysis ( Fig.   27 4), suggesting that they add unique genetic profiles that were not found in the previous studies of connections and prefer to marry with other Hmong groups rather than with non-Hmong groups (Geddes, 1976; Schliesinger, 2000) . In contrast, the IuMien have shared haplotypes and closer 1 genetic relatedness with several TK speaking groups, indicating more contact with other groups.
2
These results may reflect the pronounced IuMien culture for adoption. Based on ethnographic 3 accounts from the 1960s, around 10-20% of adult IuMien were adopted from other ethnic groups 4 (both highland and lowland), in order to increase the size of their household and their family's 5 influence (Lewis, 1984; Schliesinger 2000; Jonsson, 2005; Besaggio et al., 2007) . Another factor 6 behind the genetic similarity of IuMien with other East Asian populations could be admixture, as ~1.53, ~6.83, and ~11.54 kya, respectively (Fig. S3 ). The MSY haplogroups characteristic for HM 14 groups, namely O2a2a1a2a1a2 (O-N5), O2a2a1a2a1a*, and C2e2 (C-F845), date to ~2.45, ~4.5, 15 and ~16.00 kya, respectively. However, if we focus on clades of haplogroup C-F845 that are 16 exclusive to HM groups, the age is ~2.85 kya (Fig. S2) . It therefore seems that the HM The origin of the Sino-Tibetan groups 28 The ST family is both large (~460 languages spoken by over a billion people) and spread 29 across many countries in South, East and Southeast Asia, including China, Nepal, Bhutan, Nonetheless, one striking pattern remains in our data, and that concerns NEA vs. SEA 23 ancestry. Previous genetic studies supported a north-south division in East Asian peoples and with 24 some spread of northern ancestry to the south (Wen et al., 2004; 2005) . Here we also find a higher 25 frequency of both mtDNA and MSY lineages of SEA origin than of NEA origin in most of the 26 studied populations. In general, the SEA specific maternal lineages (B5*, F1a*, M7b* and R9b*) 27 are at an average frequency of 38.28%, while NEA mtDNA lineages (i.e. A*, D* and G*) have an 28 average frequency of 9.38% (Table S5 ). The MSY haplogroups also show major SEA lineages 29 (O1b*) predominating at an average frequency of 45.35%, and minor NEA lineages (C2e*, D-30 M174 and N*) at an average frequency of 8.33% (Table S3 ).
However, the HM and ST groups are a dramatic exception to this general pattern of higher 1 SEA than NEA ancestry for both paternal and maternal lineages (Fig. 1) . The estimated NEA 2 maternal ancestry of the HM groups is 11.94%, comparable to that of other Thai/Lao populations 3 (average = 9.11%), while the average frequency of NEA paternal lineages in HM groups is 24.72% 4 (compared to the average frequency of 6.59% for other Thai/Lao populations). Conversely, in the 5 ST groups we detect an average of 24.09% NEA maternal ancestry, which is much higher than the 6 average NEA maternal ancestry for other Thai/Lao groups (7.57%), while the NEA paternal 7 ancestry in ST groups is comparable to that in other Thai/Lao groups (11.95% vs. 7.88%).
8
Given that both HM and ST groups originated from southern China or northwestern China 9 (Wen et al., 2004; Wen et al., 2005; Wang et al., 2014) , we speculate that the ancestral HM and 10 ST groups both had relatively high levels of NEA ancestry for both the MSY and mtDNA.
11
However, due to subsequent contact with SEA groups, HM populations incorporated more SEA We have carried out the most extensive study to date, using high-resolution methods, of 25 the maternal and paternal lineages in HM and ST speaking groups of northern Thailand. We find 26 unexpected differences between the Hmong and IuMien, which may reflect different cultural 27 practices, and genetic heterogeneity among ST groups. Compared to previous studies, we find 28 less contrast in genetic diversity and differentiation between matrilocal and patrilocal groups
We enriched for ∼2.3 mB of the MSY from the same genomic libraries for male 1 samples via in-solution hybridization-capture using a previously designed probe set (Kutanan et al. Illumina standard base calling. We used leeHOM to trim Illumina adapters and merge completely 5 overlapping paired sequences (Renaud et al. 2014) . We used deML to demultiplex the pooled 6 sequencing data (Renaud et al. 2015) . The alignment and post-processing pipeline of the 7 sequencing data was carried out as previously described (Kutanan et al. 2018a) . , 2011; Diroma et al., 2014; Summerer et al., 2014; Li et al., 2015; Machold et al., 2019 
